Purpose -The purpose of the study is to examine the prices of some of the most widely traded stocks from Taiwan, Brazil and South Africa for indications of psychological barriers at round numbers.
Introduction
Market practitioners and journalists often refer to the existence of psychological barriers in stock markets. Many investors believe that round numbers serve as barriers and that prices may resist crossing these barriers. Moreover, the use of technical analysis is based on the assertion that traders will "jump on the bandwagon" of buying (selling) once a stock price breaks upward (downward) through a "psychologically important" level, thus suggesting that crossing one of these barriers may push prices up (down) more than otherwise warranted. Phrases frequently used by the business press, such as "support level" and "resistance level", imply that until such time as an important barrier is broken, increases and decreases in stock prices may be restrained.
The impact of these kinds of psychological barriers on investors' decisions has been studied since the 1990's for a variety of asset classes, from exchange rates with Grauwe and Decupere (1992) to stock options with Jang, Kim, Kim, Lee and Shin (2015) . So far, evidence suggests some significant impacts of this phenomenon on the returns and variances of several securities.
Research on psychological barriers in stock markets has mainly been focused on stock indices from different geographies and periods. However, the existing evidence regarding psychological barriers in single stock prices is scant. Dorfleitner and Klein (2009) consider this gap in the literature to be 'astonishing', as real stocks can be and are traded directly on stock exchanges whereas stock indices are not immediately traded but instead reflect index futures and other related derivatives.
This study addresses this gap by examining the existence of psychological barriers at round numbers in individual stock prices. Based on a number of different methodologies, our study is the first to our knowledge to thoroughly examine this anomaly in single stock prices from three of the most important emerging markets. We scrutinize a sample of stocks from the TAIEX (Taiwan), the BOVESPA (Brazil) and the FTSE JSE All Share (South Africa) from 2000 to 2014.
The anchoring effect, a well-known behavioral bias firstly identified by Tversky and Kahneman (1974) , is the main explanation for the existence of psychological barriers in financial markets. When performing an estimation in an ambiguous situation, individuals tend to fixate ('to anchor') on a salient number even if that number is irrelevant for the estimation. Anchoring on round numbers is important due to its great explanatory power regarding some of the features commonly associated with financial markets. It may help to understand, for example, excessive price volatility (Westerhoff, 2003) , the momentum effect (George & Hwang, 2004) , or even the emergence of speculative bubbles (Shiller, 2015) .
Of course, behavioral biases are not the only reason why barriers can exist. For example, the fact that option exercise prices are usually round numbers may be an additional explanation for the phenomenon.
In spite of several studies on psychological barriers in different asset classes, there is still a lack of empirical evidence regarding this phenomenon in individual stock prices. Before now, only Cai, Cai and Keasey (2007) and Dorfleitner and Klein (2009) had examined individual stocks, considering Chinese stocks and German stocks, respectively.
The existence of psychological barriers contradicts the efficient market hypothesis as it points to predictability in stock prices and may thus lead to abnormal risk-adjusted returns. Hence, empirical evidence for the existence of psychological barriers represents a contribution to the literature on market anomalies.
Our methodology comprises several empirical tests. We test for uniformity in the trailing digits of the stock prices and use regression and GARCH analysis to assess the differential impact of being above or below a possible barrier. Despite rejecting uniformity for all the data series, we find no consistent psychological barriers in individual stock prices near round numbers. Thus, according to our results, no profitable investment Júlio Lobão / João Fernandes strategy could have been built based on this potential anomaly. Moreover, we show that the relationship between risk and return tends to be weaker in the proximity of round numbers for about half of the stocks under study. This paper is organized as follows. Section 2 reviews the empirical evidence regarding psychological barriers. Section 3 presents the data and methodologies used in this paper. Section 4 presents the empirical results. Section 5 offers conclusions. Donaldson (1990a Donaldson ( , 1990b and Grauwe and Decupere (1992) were the first to study the phenomenon of psychological barriers and showed that round numbers are indeed of special importance for investors in the stock and in the foreign exchange markets, respectively. Since then, several other studies have followed, focusing not only on different geographies and periods, but also on different asset classes, such as bonds, commodities and derivatives.
Previous Findings
However, to the best of our knowledge, only Cai et al. (2007) and Dorfleitner and Klein (2009) have thus far addressed the presence of psychological barriers in single stock prices. Cai et al. (2007) assessed the existence of psychological barriers in a total of 1050 A-shares and 100 B-shares from both the Shanghai Stock Exchange and the Shenzhen Stock Exchange during June 2002. A range of measures for price resistance showed the digits 0 and 5 to be significant resistance points in the A-share market. A weak resistance point, the digit 0, was found for the Shenzhen B-share market. No resistance point was found in the Shanghai B-share market, although the digit 0 had the highest level of resistance compared to others. These results were attributed to cultural factors. Dorfleitner and Klein (2009) analysed eight major stocks from the German DAX 30 over the period May 1996-June 2003. The prices were examined with respect to the frequency with which they lied within a certain band around the barriers and also with respect to certain characteristics and volumes. In addition, they studied the barriers' influence on intraday variances and daily trading volumes. The main conclusion was that the eight stocks behaved very differently around possible psychological barriers. The strongest evidence of the existence of psychological barriers was found in the Commerzbank stock for both barriers that were considered. Some evidence was also detected of barriers in the Henkel stock and weak evidence was detected in another three stocks. Overall, the authors were not able to identify any systematic and consistent pattern at the barriers.
Since there are only two empirical studies about psychological barriers in individual stocks, it is difficult to extract general conclusions from the existing evidence.
Our approach is closer to the one adopted by Dorfleitner and Klein (2009) in the sense that we examine a more limited group of stocks than Cai et al. (2007) but consider a much longer sample period than these authors.
Other studies concerning psychological barriers in stock markets are also related to our analysis. This is the case of those articles that consider stock indices. In fact, to date, stock indices have been the target of most research concerning psychological barriers. Donaldson (1990a Donaldson ( , 1990b used both chi-squared tests and regression analysis to test for uniformity in the trailing digits of the Dow Jones Industrial Average (DJIA), the FTSE-100, the TSE and the Nikkei 225. His findings rejected uniformity for all but the Nikkei index. Donaldson and Kim (1993) examined the DJIA for the period 1974-1990 using a Monte Carlo experiment and found evidence confirming round numbers (100-levels) as support and resistance levels. Furthermore, they concluded that once such levels were crossed, the DJIA moved up or down more than usual in what they called a "bandwagon effect". The same was not true for the less important Wilshire 5000. Ley and Varian (1994) also studied the DJIA considering a longer time interval and confirmed that there were in fact Psychological Barriers in Single Stock Prices: Evidence from Three Emerging Markets fewer observations around 100-levels. In 98.4% of the cases tested, uniformity in the trailing digits was rejected at the 95% significance level. Additionally, they emphasized that the nonuniform distribution of the final digits was not necessarily synonymous with price barriers and found no evidence of stock price predictability due to these barriers. Koedijk and Stork (1994) expanded the research to a number of indices. The authors studied the existence of psychological barriers in the Brussels Stock Index (Belgium), in the FAZ General (Germany), in the Nikkei 225 (Japan) and in the S&P 500 (U.S.) during the period from January 1980 to February 1992, while the FTSE-100 (U.K.) was observed from January 1984 to February 1992. They discovered significant indications of the existence of psychological barriers in the FAZ General, the FTSE-100 and the S&P 500, but weak indications in the Brussels Index, and none for the Nikkei 225. As in Ley and Varian (1994) , they failed to find evidence supporting the significance of 100-levels in predicting returns. However, this may be due in part to the fact that they did not disaggregate the effects of upward and downward movements through barriers.
Ceuster, Dhaene and Schatteman (1998) compared the last digits of the DJIA, FTSE-100, or the Nikkei 225 with the empirical distribution of a Monte Carlo simulation. They did not find any indication of the existence of psychological barriers in those three indices. Cyree, Domian, Louton and Yobaccio (1999) showed that the last two digits of the DJIA, the S&P 500, the Financial Times U.K. Actuaries (London) and the DAX are not equally distributed. Prices next to barriers turn up less frequently than prices in a more distant position. The TSE 300, CAC 40, Hang Seng and Nikkei 225 exhibit some significant evidence. They also analysed the distribution of the returns with regard to expected returns and volatility in a modified GARCH model to conclude that upward movements through barriers tended to have a consistently positive impact on the conditional mean return and also that conditional variance tended to be higher in pre-crossing sub periods and lower in post-crossing sub periods.
More recently, Bahng (2003) applied the methodology of Donaldson and Kim (1993) to analyse seven major Asian indices including ones from South Korea, Taiwan, Hong Kong, Thailand, Malaysia, Singapore and Indonesia between 1990 and 1999. Their analysis showed that the Taiwanese index did have price barrier effects and that the price level distributions of the Taiwanese, Indonesian and Hong Kong indices were explained by quadratic functions. Dorfleitner and Klein (2009) focused on the DAX 30, the CAC 40, the FTSE-50 and the Euro-zone-related DJ EURO STOXX 50 for different periods until 2003. They found fragile traces of psychological barriers in all indices at the 1000-level. There were also indications of barriers at the 100-level except in the CAC index.
The literature on psychological barriers in stock indices continues to be active today. For example, Shawn and Kalaichelvan (2012) examined five European indices (FTSE-100, CAC 40, DAX 30, ATX and SMI) in a 10-year period from January 2001 to December 2011. They found evidence of barriers in the SMI at the 1000-level but no significant evidence of barriers in the other indices. Woodhouse, Singh, Bhattacharya and Kumar (2016) investigated the existence of barriers in the NASDAQ Composite index over a 41-year period from 1971 to 2012. Statistically significant barrier effects were detected at certain index levels (usually at multiples of 100). The authors emphasize the importance of finding significant barriers in a stock market that would normally be considered very efficient in informational terms. Moreover, Woodhouse et al. (2016) attribute the presence of barriers to behavioral factors.
Finally, Lobão and Pereira (in press) studied the main stock market indices of Greece, Italy, Portugal and Spain from their inception to Júlio Lobão / João Fernandes 2013. No evidence was detected of psychological barriers in the Italian market but there was a strong indication of barriers in the Greek stock market and weak evidence of barriers in the Iberian stock markets.
Different studies have concluded that price barriers or at least significant deviations from uniformity also exist in other asset classes such as exchange rates (Grauwe & Decupere, 1992; Mitchell & Izan, 2006) , bonds (Burke, 2001) , commodities (Aggarwal & Lucey, 2007; Lucey & O'Connor, 2016) and derivatives (Chen & Tai, 2011; Dowling, Cummins, & Lucey, 2016; Jang et al., 2015; Schwartz, Van Ness, & Van Ness, 2004) . Overall, the evidence of price barriers in various asset classes seems to be fairly robust.
Data and Methodology

Data
In this study we examine the existence of psychological barriers in the prices of a group of individual stocks belonging to each one of the following three stock indices: the TAIEX (Taiwan), the BOVESPA (Brazil) and the FTSE JSE All Share (South Africa). The markets to analyse were chosen according to the weights of each country in the MSCI Emerging Markets Index. As of November 2014, the countries with the highest weights were China, Taiwan and South Korea. However, as Chinese stocks had been already studied in relation to this topic (see Cai et al., 2007) and South Korea is culturally and geographically very close to Taiwan, Brazil and South Africa (the fourth and fifth most weighted national markets, respectively) replaced the first two abovementioned countries.
Our examination window ranges from January 3, 2000 to December 31, 2014 and covers 3913 trading days for each stock. We selected the ten stocks with the highest trading volume in their national market during the year 2000, provided i) that the stock was listed during the whole examination period and ii) that the stock did undergo any stock split during the examination period, as this is a phenomenon that would severely disturb the effects of barriers at certain levels. Since only four stocks fulfilled our criteria in the Brazilian index, our sample is comprised of 24 stocks. All the data were retrieved from Thomson Reuters Datastream. Summary statistics on the stock prices are presented in Table 1 , where it can be seen that the skewness and kurtosis measures are generally inconsistent with normality. Following Brock, Lakonishok and LeBaron (1992) and Dorfleitner and Klein (2009) , we will use the so-called band technique and barriers will thus be defined as a certain range around the actual barrier. The main reason is that market participants will most certainly become active at a certain level before the price touches a round price level. Considering a price of €100, for instance, over-excitement is expected to begin at €99 or €101, or even at €95 or €105. Barriers will thus be defined as multiples of the lth power of ten, with intervals with an absolute length of 2%, 5%, 10% and 25% of the corresponding power of ten as barriers. These intervals are conventionally used in the literature on psychological barriers. Formally, we can consider three possible barrier bands:
Methodology
Definition of barriers
Barrier level l=2 (100s) 95-05; 90-10; 75-25 Barrier level l=1 (10s) 9.5-0.5; 9.0-1.0; 7.5-2.5
Barrier level l=0 (1s). 0. 95-0.05; 0.90-0.10; 0.75-0.25 For each stock, we select different barrier levels to examine for possible psychological barriers. Naturally, the tick size of each market will correspond to the lower boundary in terms of barrier levels.
M-values
M-values refer to the last digits in the integer portion of prices in the analysed security. Initially used by Donaldson and Kim (1993) , M-values considered potential barriers at the levels …, 300, 400, …, 3400, 3500, i.e. at:
Later, Ceuster et al. (1998) claimed that this definition was too narrow because the series was not multiplicatively regenerative, resulting, for instance, in 3400 being considered a barrier, whereas 340 would not be. Additionally, the authors claimed that, as defined by Eq. (3.1), the gap between barriers would tend to zero as the price series increased, disrupting the intuitive appeal of a psychological barrier. Thus, one should also consider the possibility of barriers at the levels …, 10, 20, …, 100, 200, …, 1000, 2000, …, i.e. at:
and, on the other hand, at the levels …, 10, 11, …, 100, 110, …, 1000, 1100, …, i.e. at:
M-values would then be defined according to these barriers. For barriers at the levels defined in Eq. , nos níveis …, 10, 11, …, 100, 110, …, 1000, 1100, …, ou seja, em: where P t is the integer part of P t and mod 100 refers to the reduction module 100. For barriers at the levels defined by Eq. (3.2) and Eq. (3.3), the M-values would be defined respectively as the second and third and the third and fourth significant digits. Formally, 
Uniformity test
Having computed the M-values, the next step consists of examining the uniformity of their distribution. Following Aggarwal and Lucey (2007) , this will be done through a KolmogrovSmirnov Z-statistic test. Thus, we will be testing H0: uniformity of the M-value distribution against H1: non-uniformity of the M-value distribution.
It is important to emphasize that the rejection of uniformity might suggest the existence of significant psychological barriers, but this is not in itself sufficient to prove the existence of psychological barriers. Ley and Varian (1994) showed that the last digits of the Dow Jones Industrial Average were in fact not uniformly distributed and even appeared to exhibit certain patterns, but the returns conditional on the digit realization were still significantly random. Additionally, Ceuster et al. (1998) noted that as a series grows without limit and the intervals between barriers become wider, the theoretical distribution of digits and the respective frequency of occurrence are no longer uniform.
Barrier tests
Barrier tests are used to assess whether observations are less frequent near barriers than would be expected considering a uniform distribution. The existence of a psychological barrier implies we will observe a significantly lower closing price frequency within an interval around the barrier (Donald & Kim, 1993; Ley & Varian, 1994) . Therefore, the objective of the barrier tests is to investigate the influence of round numbers on the non-uniform distribution of M-values. We will use two types of barrier tests: the barrier proximity test and the barrier hump test.
Barrier proximity test
This test examines the frequency of observations, f(M), near potential barriers and will be performed according to Eq. (3.7):
Gest. Neg. São Paulo v.20 n.2 abr-jun. 2018 p.INCIAL-FINAL limites e os intervalos entre as barreiras se tornam mais amplos, a os dígitos e a respectiva frequência de ocorrência deixam de ser ra arreira são usados para avaliar se as observações são menos frequentes do que seria esperado considerando uma distribuição uniforme. A reira psicológica implica que observaremos uma frequência de preço de ivamente menor dentro de um intervalo próximo à barreira (Donald & arian, 1994 da terá o valor de unidade quando o preço da ação estiver na barreira tro lugar. Conforme mencionado na seção 3.2.1, essa barreira não será nte como um número exato, mas também como uma série de intervalos
The dummy variable will take the value of unity when the price of the stock is at the supposed barrier and zero elsewhere. As was mentioned in section 3.2.1, this barrier will not be strictly considered as an exact number but also as a number of different specific intervals, namely with an absolute length of 5%, 10% and 25% of the corresponding power of ten as barriers. The null hypothesis of no barriers will thus imply that β equals zero, while β is expected to be negative and significant in the presence of barriers as a result of the lower frequency of M-values at these levels.
Barrier hump test
The second barrier test will examine not just the tails of frequency distribution near the potential barriers, but the entire shape of the distribution. It is thus necessary to define the alternative shape that the distribution should take in the presence of barriers (Aggarwal & Lucey, 2007; Donaldson & Kim, 1993) . Bertola and Caballero (1992) , who analysed the behaviour of exchange rates in the presence of target zones imposed by forward-looking agents, suggest that a hump-shape is an appropriate alternative for the distribution of observations. The test to examine this possibility will follow Eq. (3.8), in which the frequency of observation of each M-value is regressed on the M-value itself and on its square:
Rev. Bras. Gest. Neg. São Paulo v.20 n.2 abr-jun. 2018 p.INCIAL-FINAL frequência próximos das barreiras potenciais, mas a distribuição como um todo. P necessário definir a forma alternativa que a distribuição deve adotar na presença de (Aggarwal & Lucey, 2007; Donaldson & Kim, 1993) . Bertola e Caballero (19 analisaram o comportamento das taxas de câmbio na presença de zonas alvo imp agentes orientados para o futuro, sugerem que uma forma de distribuição como u uma alternativa adequada para a distribuição de observações.
O teste para examinar esta possibilidade seguirá a Eq. (3.8), na qual a freq observação de cada valor-M é regredida no próprio valor M e em seu quadrado:
Segundo a hipótese nula, "sem barreiras", ϒ deve ser zero, ao passo que a pre barreiras deve resultar em ϒ negativo e significativo.
Testes de efeito condicional
A rejeição da uniformidade nas observações dos valores-M não é sufici provar a existência de barreiras psicológicas (Ley & Varian, 1994) . Portanto, é n analisar a dinâmica da série de retornos em torno dessas barreiras, isto é, quanto à variância, a fim de examinar o efeito diferencial sobre os retornos devido aos preços de uma barreira e se essas barreiras foram abordadas em um movimento ascen descendente (Aggarwal & Lucey, 2007; Cyree et al., 1999) .
Consequentemente, definiremos quatro regimes em torno das barreiras: BD dias antes de os preços chegarem a uma barreira em um movimento descendente cinco dias após os preços cruzarem uma barreira em um movimento descendente, e nos cinco dias antes e depois de os preços cruzarem uma barreira em um m Under the null hypothesis of no barriers, ϒ is expected to be zero, whereas the presence of barriers should result in ϒ being negative and significant.
Conditional effect tests
The rejection of uniformity in the observations of M-values is not sufficient to prove the existence of psychological barriers (Ley & Varian, 1994) . Therefore, it is necessary to analyse the dynamics of the returns series around these barriers, namely regarding mean and variance in order to examine the differential effect on returns due to prices being near a barrier, and whether these barriers were being approached in an upward or in a downward movement (Aggarwal & Lucey, 2007; Cyree et al., 1999) .
Accordingly, we will thus define four regimes around barriers: BD for the five days before prices reach a barrier in a downward movement, AD for the five days after prices cross a barrier in a downward movement, and BU and AU for the five days before and after prices breach a barrier in an upward movement, respectively. These dummy variables will take the value of unity for the days noted and zero otherwise. In the absence of barriers, we expect the coefficients of the indicator variables in the mean equation to be non-significantly different from zero. (2007), we started with an OLS estimation of Eq. (3.9), but heteroscedasticity and autocorrelation were clearly present across our data base. Therefore, full analysis of the effects in the proximity of barriers required us to also apply the former test to the variances. Eq. (3.10) represents this approach assuming autocorrelation similar to in Aggarwal and Lucey (2007) and Cyree et al. (1999) . Besides the abovementioned dummy variables it includes a moving average parameter and a GARCH parameter. 
Resultados empíricos
Teste de uniformidade
The four possible hypotheses to be tested are the following: Table 2 provides the results of a uniformity test concerning the distribution of digits for the stock prices under analysis. Overall, there is strong evidence that the M-values do not follow a uniform distribution. Uniformity is rejected for all the stocks at a 1% significance level. These findings are somewhat in line with the ones obtained by Dorfleitner and Klein (2009) , which pointed to a rejection of uniformity for the majority of the German stocks examined, although their results were more heterogeneous than ours. Rejecting uniformity is necessary, but it is not in itself sufficient to attest to the existence of psychological barriers. Table 2 shows the results of a Kolmogorov-Smirnov test for uniformity. Z-stat stands for the value of the test statistic, while p-value gives the marginal significance of this statistic. H0: uniformity in the distribution of digits, H1: non uniformity in the distribution of digits.
H1: There is no difference in the conditional mean return before and after a downward crossing of a barrier.
H2: There is no difference in the conditional mean return before and after an upward crossing of a barrier.
H3: There is no difference in the conditional variance before and after a downward crossing of a barrier.
H4: There is no difference in the conditional variance before and after an upward crossing of a barrier.
Empirical Findings
Uniformity test
Barrier tests
Barrier proximity test
The results for the barrier proximity tests are shown in Tables 3 to 6 for all the intervals mentioned in sections 3.2.1 and 3.2.4. As mentioned above, in the presence of a barrier we would expect β to be negative and significant, implying a lower frequency of M-values at these points. Considering a barrier at the exact zero module point, the results in Table 3 show that there is no evidence of psychological barriers in all the stocks under analysis. Either all the series are not significant or β is not negative. If we assume a barrier in the interval 98-02, the conclusions are exactly the same as for the strict point barrier (results not reported). Table 4 shows similar results for the 95-05 interval: the evidence of psychological barriers continues to be rejected for all the stocks.
As we keep widening the barrier interval, we start detecting some evidence of psychological barriers. Considering the 90-10 interval, Table  5 shows that the no barrier hypothesis is now rejected only for Ton Yi Industrial (Taiwan) at the first level (at a statistical significance of 5%).
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Either all the other series continue to be not significant or β is not negative. Finally, Table 6 presents the results for the largest barrier interval. Besides Ton Yi Industrial, we now find a negative and significant β for King's Town Bank (Taiwan) at the first barrier level and for Bradesco at the second barrier level.
Overall, the results suggest that psychological barriers are not an important phenomenon in the single stocks under study. Besides Ton Yi Industrial, King's Town Bank and Bradesco, all the other stocks present no consistent evidence of a barrier around round numbers for the whole sample period. The R-squares are significantly low, which is in line with previous studies focusing on stock indices. Table 3 shows the results of a regression f(M)=α+βD+ε, where f(M) stands for the frequency of appearance of the M-values, D is a dummy variable that takes the value of unity when M=00 and 0 otherwise. Refer to section 3.2.4 for details. "n.a." stands for "not available" and means it was not possible to perform the test because the dummy variable did not have enough observations equal to 1, therefore being close to a singular matrix. *** indicates significance at the 1% level. Table 4 shows the results of a regression f(M)=α+βD+ε, where f(M) stands for the frequency of appearance of the M-values, D is a dummy variable that takes the value of unity when the M-value is in the 95-05 interval and 0 otherwise. Refer to section 3.2.4 for details. "n.a." stands for "not available" and means it was not possible to perform the test because the dummy variable did not have enough observations equal to 1, therefore being close to a singular matrix. *, ** indicates significance at the 10% and 5% level, respectively. Table 5 shows the results of a regression f(M)=α+βD+ε, where f(M) stands for the frequency of appearance of the M-values, D is a dummy variable that takes the value of unity when the M-value is in the 90-10 interval and 0 otherwise. Refer to section 3.2.4 for details. "n.a." stands for "not available" and means it was not possible to perform the test because the dummy variable did not have enough observations equal to 1, therefore being close to a singular matrix. *, ** indicates significance at the 10% and 5%, respectively. Table 6 shows the results of a regression f(M)=α+βD+ε, where f(M) stands for the frequency of appearance of the M-values, D is a dummy variable that takes the value of unity when the M-value is in the 75-25 interval and 0 otherwise. Refer to section 3.2.4 for details. *, **, *** indicates significance at the 10%, 5% and 1% level, respectively. Table 7 shows the results for the barrier hump test, which is meant to test the entire shape of the distribution of M-values. Assuming it should follow a hump-shape distribution, we thus expected ϒ to be negative and significant in the presence of barriers. However, the evidence of persistent barriers is again weak. For the 24 securities under analysis, the null hypothesis of no barriers is rejected in just two situations: Kerry Tj Logistics (Taiwan) and Ton Yi Industrial (Taiwan), both for the first barrier level. Table 7 shows the results of a regression f(M)=α+ϕM+ϒM 2 +η, where f(M), the frequency of appearance of each M-value is regressed on M, the M-value itself, and M 2 , its square. *, ** indicates significance at the 10% and 5% level, respectively.
Psychological Barriers in Single Stock Prices: Evidence from Three Emerging Markets
Barrier hump test
Conditional effects test
Assuming the existence of psychological barriers, we expected the dynamics of the individual returns series to be different around these points. However, the results in Table 8 provide no clear evidence of mean effects around barriers, as there is no clear pattern of effects on individual stock returns before and after crossing a possible barrier. We note, however, that in general the sum of the coefficients around upward movements is greater than that around downward movements in Brazil, whereas in the South African stocks the opposite happens. In the case of the Taiwanese stocks there is no evidence of a different reaction depending on whether the price is moving through a barrier from below or above. Note. Table 8 shows the results of the mean equation of a GARCH estimation of the form R t =β 1 + β 2 BD+ β 3 AD+ β 4 BU+ β 5 AU+ε t ; ε t ~N(0,V t ); V t = α 1 + α 2 BD+ α 3 AD+ α 4 BU+ α 5 AU+α 6 V t-1 +α 7 ε Table 9 contains the results for the conditional variance equation. In this case, the evidence is substantially stronger, although there is still no clear pattern for all the stocks. The constant is positive and significant for all the stocks. The GARCH term in the conditional variance is positive and significant for almost all the stocks, indicating significant GARCH effects around the barriers. The coefficients of the lagged squared residuals are all significant at the 1% level. The variance effects are particularly evident before a downward movement through a barrier and both before and after crossing a barrier in an upward move: the coefficients of BD, BU and AU in the variance equation are negative and statistically significant in thirteen, thirteen and twelve of the twenty-four stocks, respectively. This indicates that these stock prices tend to calm before falling through a barrier and are near a barrier when they are in an upward move. However, these effects are not uniform across the series tested. In each case, there are a small number of stocks that exhibit exactly the opposite behavior to what we have just described.
The results in the post-crossing period when the stock prices are in a downward movement are much more heterogeneous. There is almost the same number of stocks exhibiting a higher level of volatility or a lower level of volatility in these circumstances.
It is also noteworthy that the variance tends to be higher in most stocks in post-crossing periods than in pre-crossing periods, which is consistent with the possibility of increased technical trading in the post-crossing period (Cyree et al., 1999) .
Business Connexion Group Table 10 shows the test results for the four barrier hypotheses mentioned in section 3.2.5. If some kind of barrier indeed existed, we would expect that the restraints in terms of mean and variance would be relaxed after the price crossed that barrier. In line with our previous analysis, the evidence is once again weak regarding conditional mean returns associated with prices breaching a barrier. In fact, with the exception of Chung Hwa Pulp (Taiwan) and Eletrobras (Brazil), there is no significant change in the conditional mean returns in those circumstances. Note. Table 10 shows the results for a χ2 test of four different null hypotheses. H1: There is no difference in the conditional mean return before and after a downward crossing of a barrier; H2: There is no difference in the conditional mean return before and after an upward crossing of a barrier. H3: There is no difference in the conditional variance before and after a downward crossing of a barrier; H4: There is no difference in the conditional variance before and after an upward crossing of a barrier. *, **, *** indicates significance at the 10%, 5% and 1% level, respectively.
The first hypothesis, which tested differences in conditional mean returns before and after a downwards crossing of a barrier, is only rejected at a 10% level for two stocks overall (Chung Hwa Pulp and Eletrobras), whereas the second one, which focuses on the upward movement, is not rejected for any of the stocks.
Again following our previous findings, the evidence is slightly more consistent regarding the conditional volatility of the stock prices, although it is somewhat scattered. Regarding the third parameter restriction, which tested the difference in the conditional variance before and after a downwards crossing of a barrier, we now find that this difference is statistically significant at a 10% level for eleven out of the twenty-four stocks in the sample. Regarding the volatility dynamics in upwards movements across barriers, we can reject the inexistence of differences in conditional variance before and after an upwards breaching of a barrier for ten of the stocks that comprise the sample.
Our findings are consistent with the few papers that have focused on a similar subject: the study by Dorfleitner and Klein (2009) , which analysed German stocks, and the study by Cai et al. (2007) regarding price resistance in Chinese stocks.
Overall, our evidence suggests that although there are no significant effects in terms of returns on stock prices around barrier points, volatility is in fact affected in nearly half of the stocks under scrutiny. A similar result was obtained by Cyree et al. (1999) for several indices representing developed stock markets. The authors noticed that their result -a simultaneous increase in conditional return and decrease in conditional variance -appeared to represent an "aberration" in the equilibrium risk-return relationship. As also pointed out by Aggarwal and Lucey (2007) , such findings pose some relevant implications for the positive risk-return relationship postulated by the standard financial models. As variance is normally used as a proxy for risk, changes in this parameter should be linked to changes in expected returns. However, our findings suggest that this relationship may be biased in the case of individual stock prices near round numbers.
Conclusion
Psychological barriers have been found to impact financial markets in different geographies and asset classes. Due to several behavioral biases and the consequent inability to make fully rational decisions, the average market practitioner is often affected, directly or indirectly, by this phenomenon. Following the evidence presented by previous studies showing that stock indices were indeed affected by psychological barriers, our study focused on individual stocks, as they are usually the securities that investors actually trade on stock exchanges.
Fo l l ow i n g t h e m o s t w i d e l y u s e d methodologies for studying psychological barriers, we provide new evidence regarding psychological barriers in single stock prices for three of the most important emerging markets. Considering a sample period of 15 years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , we examined the existence of the phenomenon in some of the major stocks trading in Taiwan, Brazil and South Africa.
In summary, the effects of psychological barriers on individual stocks are much less consistent than what previous studies have found regarding stock indices. The evidence is mostly scattered and only slightly significant. No relevant overall pattern was found in our tests.
Although a uniform distribution is rejected for the prices of every single stock under analysis, barrier tests show no consistent evidence of psychological barriers around round numbers for all barrier levels. Nonetheless, our test for conditional effects shows that in fact nearly half of the stocks suffered some impacts in terms of volatility around barriers. More specifically, the evidence suggests that these stocks tended to be significantly less volatile before breaching a barrier in a downward movement and then recorded significant turbulence after this point was crossed. Considering upward movements, we found a significant decrease in volatility near round numbers.
All in all, our main result is that there are no consistent barriers in single stock prices, in spite of the documented effects on volatility. Our findings are thus in line with the ones of Dorfleitner and Klein (2009) , who focused only on German stocks, and also with the results of Cai et al. (2007) for price resistance in Chinese stocks.
Round numbers do not appear to be of special importance at least for investors in single stocks. However, the implications of these results for the debate about market efficiency are, in our view, ambiguous. It is true that the absence of psychological barriers is consistent with a highly informationally efficient market. But what is often disregarded is that the absence of psychological barriers would also be what one would expect to observe in a financial market dominated by noise traders and where prices were dictated by complex patterns of shifting fads and moods.
The implications of the results presented here are somewhat problematic for standard risk-return equilibrium models that predict a positive relationship between these two variables. The findings regarding the barrier hypothesis tests presented in Table 10 above show that in about half of the stocks under analysis there were statistically significant changes in the volatility of prices between the pre-crossing and the postcrossing periods. Changes in variance, as a proxy for risk, should of course be associated with changes in expected returns. However, only in the case of two stocks (Chung Hwa Pulp and Eletrobras) was there a contemporaneous and statistically significant change in the returns observed between these two periods. This leads us to conclude that the relationship between risk and return became weaker around the psychological barriers for an important number of stocks in the sample.
The fragility in the relationship between risk and return, both in cross-sectional and in temporal frameworks, has been highlighted by several authors over the last decades. For example, French (1998, 2004) have shown that after controlling the data for factors such as book-to-market and stock capitalization, the relationship between observed returns and the beta risk parameter becomes statistically nonsignificant, if not negative. And more recently, Savor and Wilson (2014) have shown that the beta is only positively related to average stock returns on days when macroeconomic news regarding employment, inflation and interest rate is scheduled to be announced. On other days, the beta is unrelated or even negatively related to average returns. The results of our study suggest an additional circumstance were the relationship between risk and return tends to be weaker: in the proximity of psychological barriers (in our case, round numbers).
The significance of our results for those investors who use trading strategies based on round numbers as support and resistance levels is evident. The empirical evidence presented here does not support the possibility of obtaining abnormal positive returns with such strategies.
Lastly, there is the issue of reconciling the results obtained in the study of single stocks with the existing empirical evidence suggesting that there are significant psychological barriers in stock indices. How is it possible that several studies have found significant barriers in stock market indices (e.g., Bahng, 2003; Cyree et al., 1999; Donaldson & Kim, 1993; Koedijk & Stork, 1994; Woodhouse et al., 2016) when the evidence on barriers in individual stocks is so fragile? There are, in our opinion, at least two possible non-mutually exclusive explanations. First, psychological barriers are not a statistically significant phenomenon nowadays because by exploiting this anomaly investors have eliminated it (e.g., Marquering, Nisser, & Valla, 2006; Schwert, 2003) . The second explanation has to do with a problem that Dorfleitner and Klein (2009) referred to as "publication bias". According to these authors, studies with significant results are more likely to be published, whereas studies without such results are often not published. The lack of published studies with non-significant results would then lead to a biased perception that psychological barriers are a common phenomenon in financial markets.
With this article, we hope to contribute to tackling the problem identified by Dorfleitner and Klein (2009) .
